Critical Zone Remediation by Using Environmental Geoengineering Projects  by Martínez-Sanchez, Maria Jose et al.
 Procedia Earth and Planetary Science  10 ( 2014 )  392 – 398 
1878-5220 © 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Scientific Committee of GES-10
doi: 10.1016/j.proeps.2014.08.070 
Available online at www.sciencedirect.com
ScienceDirect
Geochemistry of the Earth’s Surface meeting, GES-10 
Critical zone remediation by using environmental 
geoengineering projects 
Maria Jose Martínez-Sancheza, Carmen Perez-Sirventa*, Mari Luz Garcia-Lorenzob,  Eva 
Gonzaleza, Victor Perez-Espinosaa,Salvadora Martínez-Lopeza, Carmen Hernandeza, Jose 
Molinaa, and Lucia B. Martíneza. 
aUniversity of Murcia, Murcia 30100, Spain 
bComplutense University of Madrid, Madrid 28040. Spain 
Abstract 
A large number of soils are contaminated by heavy metals due to mining activities, generating adverse effects on human health 
and the environment. In response to these negative effects, a variety of technologies have been developed. In situ immobilization 
by means of soil amendment is a non-intrusive and cost effective alternative that transforms the highly mobile toxic heavy metals 
to physico-chemically stable forms. Limestone filler is a good selection for such a purpose, because of its characteristics. In 
addition, the use of this amendment could revalorize the residues, reducing the costs of the process. The objective of this work 
was to evaluate the effectiveness of an immobilization technique in sediments contaminated by heavy metals. Two experimental 
areas, approximately 1 Ha each one, were selected, and technosols were developed as follows: original sediments, sediments 
mixed with limestone filler in a 1:1 proportion, gravel to avoid capillary and natural soil to allow plant growth. After the 
remediation technique was applied, monitoring was done in 18 points collecting samples (sediment and water) during a 4 years 
period at two month intervals. The pH and electrical conductivity as well as the heavy metal (Zn, Pb, Cd, Cu and As) contents 
were measured. Microtox bioassay was also applied. Sediments before the remediation technique showed acidic pH, high EC 
values and high trace elements content. The results obtained after the immobilization showed that sediment samples had neutral 
pH (average value of 8.3) low electrical conductivity (1.32 dS m-1) and low trace elements concentration. It can be concluded 
that the use of limestone filler is an excellent option in sediments polluted because of the risk for human health or ecosystem 
disappears or is decreased in a large extent. In addition, the designed experience allows stabilizer proportion to be optimized and 
may suppose a big cost-saving in the project in areas affected by mining activities. 
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1. Introduction 
    A large number of soils around the world are contaminated by heavy metals due to mining activities, 
generating adverse effects on human health and the environment. In response to these negative effects, a variety of 
technologies to remediate soils affected by heavy metals have been developed. Among them, in situ immobilization 
by means of soil amendment is a non-intrusive and cost effective alternative, which transforms the highly mobile 
toxic heavy metals to physico-chemically stable forms, reducing their mobility and environmental risks. Limestone 
filler is a good selection for such a purpose, because of its low permeability and low solubility, due to its high degree 
of physical-chemical stability and because is a non-toxic material with a high finely divided calcium carbonate 
content 1,2. In addition, the use of this amendment could revalorize the residues, reducing the costs of the process. 
The objective of this work was to evaluate the effectiveness of a immobilization technique in sediments 
contaminated by heavy metals as a results of mining activities. 
1.1. Study area 
        The study area was Portman bay, located close to the mining region of La Unión (SE of Spain) and subjected to 
mining from the time of the Roman Empire to 1991, when the activity ceased. The construction of the Lavadero 
Roberto (a big factory for the floatation of the mineral), situated along the beach of Portman bay, began in 1952. It 
started working in 1957 receiving 1000 t of ore per day, getting to 8000 t per day in 1978, with average grades 
between 1.5 and 2% Pb, and  2 and 3% Zn. Since 1957, the wastes from mining operations were discharged directly 
into the sea in the inner part of the bay, while later on, they were also discharged further out to sea3 (Figure 1). 
    Floatation is a process of separation and concentration of minerals that allows the treatment of low grade ore, 
when no other concentration treatments are economically profitable. During its working life, Lavadero Roberto 
discharged 57 million tonnes of steriles, made up of clay, quartz, siderite, magnetite, and the remains of sphalerite, 
pyrite and galena, together with metals and residues of the chemical reagents used in floatation. These materials, 
residues of the floatation treatment with sea water, filled up completely the bay, the wastes also extending into the 
Mediterranean Sea4.  
    Portman Bay lies on the Mediterranean coast of the Autonomous Community of Murcia between Cabo de 
Palos and Cartagena. The annual average temperature is 17 °C, and precipitation does not exceed 300 mm, with 
occasional torrential rainfall which frequently occurs in the period between the end of summer and autumn. Wind is 
an almost constant atmospheric phenomenon in the littoral zone. 











Fig 1. Changes suffered in the bay, (a) 1957; (b) 1984; (c) 1990. 
1.2. Phases of the remediation project in Portman Bay 
   The remediation project is the consequence of several previous phases: 
• 994-2004. Preliminary studies by the CEDEX 
•  2006. Ideas Competition. Ministry of Environment, Autonomous Community and Municipality of La 
Unión 
• 2007 – 2008. Risk Characterization and analysis of materials from the Bay. Studies on the possible use of 
the black sands of Portman. Risk management. Proposed technology pilot project. Implementation of pilot 
project. 
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• 2008. Preparation of experimental parcels to carry out controlled experiments. Building of a Laboratory 
both to carry out small-scale experiments and for analytical control of the processes.  
 
1.3. Model of proposed treatment for in situ remediation in Portman Bay 
    It is based on the remediation of sediments contaminated by heavy metals using techniques that meet the prevent 
contaminated sediments from supergene alteration. Such a way of actuation presents the additional benefit derived 
of the valorisation of the limestone- contain filler used for remediation, since the filler itself is a waste (Figure2). 
Limestone filler is a by-product of cutting marble industry and is also obtained in high amounts during the 
processing of calcareous materials used for building purposes. This material could be a good selection in 
remediation processes, because of its low permeability and low solubility, due to its high degree of physical-
chemical stability and because is a non-toxic material showing high finely divided calcium carbonate content. 
Consequently, when incorporated in the soils acts as an amendment that results in heavy metals immobilization due 















Fig 2. Profile of the technosol used for the remediation purpose 
 
 Two experimental areas, approximately 1 Ha each one, were selected and technosols were  developed as follows: 
original sediments from the bay, sediments mixed with limestone filler in a 1:1 proportion, gravel to avoid capillary 
and natural soil to allow plant growth (Figure 3). After the remediation technique was applied, monitoring of 
experimental areas was done in 18 sampling points in which sediment and water samples were collected and 
analysed. The monitoring was carried out during a 4 years period, samples being obtained at two month intervals. 
 
2. Laboratory methods 
    Sediment samples from the surface soil (0-25cm) were collected, mixed and homogenised and a subsample (2 kg) 
was taken. All samples were transported in polyethylene bags and stored at 4ºC until analysis. 
All sediments were air-dried and sieved through a 2 mm screen. The pH was determined in a 1:5 (w/v) suspension 
of sediment in pure water. Electrical conductivity (EC) was measured in the extracts obtained by filtering the 1:5 
suspensions through a 0.45 μm cellulose acetate disk filter. High quality water, obtained by means of a Milli-Q 
water purification system, was used exclusively. 
The water samples were filtered in the laboratory by using polycarbonate filters of 9.0 cm diameter and 0.45 μm 
pore size. The pH and the electrical conductivity were determined, in addition to the heavy metal concentration.  
2.1. Measurement of the total content of the metals. 
All samples were air-dried and sieved through a 2 mm screen. The pH and electrical conductivity (EC) were 
determined in a 1:5 (w/v) suspension of soil in pure, deionised water (Milli-Q; resistivity ≥ 18 MOhm).     
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To determine the total content, samples were first ground to a fine powder using a zirconium ball mill. Aliquots (0.1 
g) of sediment samples were placed in Teflon vessels, and a mixture of 5 ml concentrated HF (37%), 200 μl 
concentrated HNO3 (65%) and 5 ml of water was added. After digestion in a conventional microwave oven, the 
solutions were transferred to a volumetric flask, brought to 50 ml and analysed. The Zn content was determined by 
flame atomic absorption spectrometry. The Pb, Cd and Cu content were determined by electrothermal atomization 
atomic absorption spectrometry. The As content was measured by atomic fluorescence spectrometry using an 
automated continuous flow hydride generation spectrometer. The reliability of the results was verified through the 
analysis of a standard reference material (SRM 2711 Montana Soil). Spikes, duplicates and reagent blanks were also 
used as a part of our quality assurance/quality control. In addition, the Microtox bioassay was applied in order to 

































Fig 3. A general overview of the zone studied showing the position of the two experimental areas and the 
sampling points (water and sediment samples) 
3. Results and conclusions 
       The sediment used in the experimental parcels had a high content in heavy metals and an acidic pH. When the 
limestone filler was incorporated,  a stabilized layer of technosol was obtained.  
This layer was then covered with gravel and finally, with a cover of sand or uncontaminated soil thus giving to the 
complete technosol. The Table shows the results obtained in the monitoring of the surface layer of the technosol. 
The data prove the efficiency of the amendments (Table 1). 
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Garden use As (mg/kg) Pb  (mg/kg) Cd (mg/kg) Cu (mg/kg) Zn (mg/kg) 
PV1 0.2 0.7 <dl 9.8 68.7 
PV2 0.2 0.7 <dl 7.7 62.1 
PV3 0.9 0.7 <dl 10.4 29.8 
PV4 0.4 0.8 <dl 7.7 34.7 
PV5 0.2 0.6 <dl 8.1 43.4 
PV6 0.8 1.0 <dl 9.7 74.4 
PV7 0.3 0.7 <dl 16.6 29.5 
PV8 0.2 0.7 <dl 8.7 33.2 
PV9 0.5 1.0 <dl 8.8 107.7 
PV10 0.3 0.7 <dl 8.7 76.7 
PV11 0.3 0.8 <dl 8.1 63.4 
PV12 0.3 0.7 <dl 7.7 84.3 
PV13 0.4 0.7 <dl 8.5 29.4 
PV14 0.4 0.7 <dl 8.2 54.3 
PV15 0.2 0.7 <dl 9.8 68.7 
PV16 0.2 0.7 <dl 7.7 62.1 
PV17 0.2 1.1 <dl 8.0 29.9 
PV18 0.3 0.6 <dl 10.3 23.9 
 
 
Beach use As (mg/kg) Pb  (mg/kg) Cd (mg/kg) Cu (mg/kg) Zn (mg/kg) 
PL1 0.4 0.7 3.1 10.1 29.5 
PL2 0.4 0.7 3.0 8.1 33.2 
PL3 0.8 0.7 3.4 10.5 107.7 
PL4 0.8 0.8 0.3 7.0 76.7 
PL5 0.3 0.6 3.1 7.8 63.4 
PL6 0.2 1.0 <dl 8.1 84.3 
PL7 0.5 0.7 <dl 10.4 29.4 
PL8 0.3 0.7 <dl 9.8 54.3 
PL9 0.3 1.0 <dl 7.7 54.3 
PL10 0.3 0.7 <dl 10.4 48.2 
PL11 0.4 0.8 <dl 7.7 14.5 
PL12 0.4 0.7 <dl 8.1 44.6 
PL13 0.2 0.7 <dl 9.7 34.4 
PL14 0.4 0.7 <dl 16.6 29.6 
PL15 0.3 1.4 <dl 8.7 19.5 
PL16 0.5 0.7 <dl 8.8 28.4 
PL17 0.4 1.2 <dl 8.7 28.4 
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PL18 0.3 0.5 <dl 8.1 29.5 
 
 
Table 1: Total trace elements content in collected samples 
 
 
     When water samples obtained in the piezometers were evaluated, the results indicated that these samples 
correspond to rainfall waters and were characterized by neutral pH and trace elements concentration below the 
detection limit (Figure 4).  
     In addition, none of them showed toxicity when submitted to the selected bioassay (Microtox). 
     Then, it can be concluded that the use of limestone filler constitutes an excellent option in sediments polluted by 
trace elements, because of risk for human health or ecosystem does not exist or is decreased in a large extent after 
the intervention. In addition, the designed experience allows the proportion of stabilizer to be optimized and may 



























Figure 4. Histograms showing the concentrations of potentially toxic elements measured in waters. Results for Pb, As 
and Cd are given as  μgL-1.  Zn is given as mgL-1. 
 
What’s the result of our research?  
x Eco-efficiency remediation project, minimization of environmental and  economic costs. 
x The remediation project is ecoefficient as a consequence of the minimization of both economic and 
environmental costs. 
x Improvement in the basic knowledge necessary to tackle such a big remediation project. 
x Possibly of extend the approach to other sites suffering a similar pollution effect. 
x Valorisation of the low-cost waste (limestone filler) used for remediation. 
x Saving of more than 40 million Euros over the original project in this particular case.  
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